FIG.1A 
Prior Art 




FIG.2A 
Prior Art 





word line 

control gate line 
source line 



control gate line 

word line 
source line 



FIG.2C 
Prior Art 




FIG. 2D 
Prior Art 



bit line 



FIG.3A 




FIG.3B 



bit line 



bit line 



word line 



control plate line- 
source line- 



word line 



selected cell <-. 



s 



o 

CO 



REMARK 










WELL 




d 




TRIPLE 1 






TRIPLE 1 




TRIPLE 


DEEP 


i 


O 


1 


i 


PU 


i 


O 


TIM-d 


1 


o 

c 

to 

[ 


1 


l 


CO 

t-H 

PhO 


l 


o 


-SUB 


o 


o 


o 


o 


o 


o 


o 


i 

PL, 
















SOURCE 


C\2 

2 

o 


C\2 
2 

O 


co 
2 

o 


CO 

2 


FLOAT 
OR VPP 


U ti 

T-H 

2 

o 


lO 
1—5 

2 

o 


DRAIN 


z>- 

2 

CV2 


CO 


1 


1 


FLOAT 
OR VPP 


C\2 
2 

lO 

o 


2 

to 
o 


CONTROL 
PLATE 


o 

t-H 

2 

1 


o 

T-H 

2 

z> 

1 


1 

2 

CO 

T 


o 


o 
2 

CO 
T-H 

i 


z> 
2 

o 


z> 
2 

o 


SELECT 
GATE 


o 

T-t 

2 


o 

T-H 

2 


1 


1 


0-VPP 
OR FLOAT 


6 


z> 
2 

o 




PROGRAM 


ERASE 


READ 



REMARK 




TRIPLE 
WELL 








DEEP 
N-WELL 


i 


o 


1 


i 


1 


Cult 


i 


o 

2 

LO 

1 


1 


i 


1 


PQ 
Ph CO 


o 


o 


o 


o 


O 


SELECTED 
SOURCE 


CV2 

C 

O 


C\2 
2 

o 


OOR 
FLOAT 


FLOAT 


lO 

t-H 

2 

o 


DRAIN(BIT LINE) 


SELECTED 
CELL 


I 


I 


OOR 
FLOAT 


O 


1 


SELECTED 
CELL 


z>- 
2 

cv 


CD 

2 

T-H 


o 

T-H 

2 

O 


CO 

T-H 

2 


C\2 

2 

LO 

o 


SELECTED 
CONTROL 
PLATE 


o 
2 

z> 

1 


o 

T-H 

2 

i 


CO 

1 

2 

o 

T 


o 


z> 
2 

o 


SELECT GATE 
(WORD LINE) 


W 

CO 






0~VCC 
OR FLOAT 


o 


o 


SELECTED 


o 

t-H 

2 

o 


o 

T-H 

2 

o 


o 

T-H 

2 


LO 

T-H 

2 


z> 
2 

o 




PROGRAM 


ERASE 


READ 



FIG.4A 




FIG.4C 




FIG.4D 



44 47 44 L M N 




46a 46b 



FIG. 5 A 




FIG.6A 



word line 



bit line 



control plate line 
source line 



T 



FIG.6B 



select gate floating gate contact 

active region 



D 






field region floating gate control gate select gate 



REMARK 




TRIPLE 
WELL 






TRIPLE 
WELL 




DEEP 
N-WELL 


i 


o 


1 


i 


VPP 


i 


P-WELL 


i 


o 
2 

LO 

1 


1 


i 


CO 
•t— 1 

J} 2 


i 


P-SUB 


o 


o 


o 


o 


o 


o 


SOURCE 
LINE 


S2 


vs 


OO 

2 

o 


CO 
T— 1 

2 

CO 


FLOAT 
OR VPP 




BIT LINE 


UN- 
SELECTED 


VS 




1 


1 


i 


vs 


SELECTED 


2 

C\2 


CO 

2 

<<— i 


OOR 
FLOAT 


1 


VPP OR 
FLOAT 


C\2 

2 

o 


CONTROL 
PLATE 


O 

T— 1 

2 

Z> 

1 


o 
2 

1 


LO 
1 

2 

CO 

T— 1 

1 


o 


o 
2 

CO 
*— 1 

1 


2 

o 


WORD LINE 
(SELECTED) 


o 

2 


o 

T 1 

2 


I 


o 


0~VPP 
OR FLOAT 


2 

o 




PROGRAM 


ERASE 


READ 



a 

Q3 




TRIPLE 
WELL 








DEEP 
N-WELL 




o 




i 




| 
i 

Oh 




o 
2 

1 




i 




P-SUB 




o 


o 


o 


o 


SOURCE 
LINE 


VS 




0 OR 
FLOAT 


FLOAT 


vs 


BIT LINE 


UN- 
SELECTED 


vs 


vs 


OOR 
FLOAT 


i 


SA 


SELECTED 


z>- 
2 

<S2 


CO 

2 

v— 1 


2 


CO 
2 


CV2 
2 

LO 

o 


CONTROL 
PLATE 


O 
■<— i 

2 

1 


o 

■» — 1 

2 

z> 

1 


CO 

1 

2 

o 

1 


o 


z>- 
2 

o 


WORD LINE 


UN- 
SELECTED 


o 


o 


0~VCC 
OR FLOAT 


o 


o 


SELECTED 


o 

T— 1 

2 

o 


o 

t— i 

2 

o 


o 
t— i 

2 

O 


LO 

1—1 
2 


2 




PROGRAM 


ERASE 


READ 



FIG. 7 A 



72- 



75 



71 



_L 

"""Tl 



74 



70 



73 



74 



71 



75 



FIG.7B 



bit line 



bit line 



source line 



word line 
(select gate) 



control plate line 



word line 
(select gate) 

source line 




% 

as 




TRIPLE 
WELL 








TRIPLE 
WELL 




DEEP 


N-WELL 


i 


o 


1 


i 


1 


VPP 


1 


| 
i 

Ph 


i 


o 

2 

in 
1 


1 


i 


1 


CO 
1 — 1 

Pi o 


1 


-SUB 


o 


o 


o 


o 


o 


o 


o 


Ph 
















SELECTED 
SOURCE 
LINE 


SA 




1 


I 


o 

T-H 

2 

o 


FLOAT 
OR VPP 




LINE 


UN- 
SELECTED 




VS 


I 


1 


0 OR FLOAT 


i 


vs 


BIT] 


SELECTED 


2 
CV2 


CO 

2 

T— ( 


ao 
2 

o 


CO 
T-H 

2 

ao 


FLOAT OR 
VPP 


C\2 
2 

LO 
O 


CONTROL 
PLATE 


o 

z> 

1 


o 

T-H 

2 

z> 

1 


1 

2 

V— 2 

T-H 

1 


o 


CO 

1 

2 

o 

T-H 

1 


o 
2 

CO 

T-H 

1 


2 

o 


LINE 


UN- 
SELECTED 


o 


o 


1 


I 


o 




o 


WORD 


SELECTED 


o 

2 

o 


o 

T — I 

2 


2 


o 


o 

T 


2 Ph 

o o 


2 




PROGRAM 


tit* i nn 

ERASE 


READ 



FIG.7D 



field region 











u 




























, > 


< 




u 
































/ 





76 



77 73 79a 77 78 76 



active region 



FIG.7E 



79b 78 




FIG.7F 




FIG. 8 A 



86 



82- 



81 

_L 



85 



87 



80 



88 



84 



87 

-J 



81 

i_ 



83a 83b 84 



FIG.8B 



word line word line 



source line 



bit line(DRAIN) 
control plate line 

bit line( DRAIN) 



source line 



FIG.9A 



95 



♦ 94 ^ 



r 

91 



93 



92 93 



1 

91 



FIG.9B 



source line 



word line 
(select gate) 



control plate line 



word line 
(select gate) 

source line 



bit line 
(DRAIN) 



bit line 
(DRAIN) 




FIG.9C 



(UNIT: VOLTS) 





SELECT 
GATE 


CONTROL 
PLATE 


DRAIN 


SOURCE 


SUB 


PROGRAM 


Vth+a 


-5~10 


2~8 


0~2 


0 


ERASE 


0 


-10 — 5 


0~8 




0 


0 


0 


7~13 




0 


VCC~20V 


-8~0 








READ 


VCC~7 


0~7 


0.5~2 


0~1.5 


0 



FIG.9D 



E 94 100 




FIG.9E 



FIG. 10 A 




FIG.10B 



99b 




91 93 93 99a 93 91 



FIG. 11 A 



bit line 



a 

m 
m 
CO 

=0 
si 

o 

Si 

ru 

O 



word line 

source line 
control plate line 



control gate 



















— X- 










_j 
















> 




















4- 




4- 




ate S 





















^^iFIIliif 




